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CORE COMPRESSOR EXIT STAGE STUDY 
II. E-INAt. REPORT 


R. f. Behlke, E. A. BurdsaU, E, Canal, Jr, and N-..-U* Korn 
Pratt & Whitney Aircraft Group 
SUMMARY 

Tests were conducted on two three-stage compressors, designed with as- 
pect ratios of 0.81 and 1 . 22 , to acquire detailed over. if aerodynmU 
performance data on the effects of aspect ratio in high hub-tip ratio 

sQr? eS Rnth m limn to those at , 4 th ? rear of advanced multistage compres- 


It! Sn?!)! 5 showed that the 0.81 aspect ratio compressor exceeded 
Its design surge margin by nine percent despite its higher deslan 
loading and demonstrated a peak adiabatic efficiency of 86.1 percen?. 

as P ec ^ ra ^° compressor achieved a higher peak efficiency 
!evel (87*0 percent) than the 0.81 aspect ratio compressor, but fell 
short of its surge margin goal by three percent. The lower aspect ratio 
compressor exhibited greater efficiency In the endwall regions and a 
depressed efficiency in the midspan regions. The first stage of the 

0 ,S on ]P ressor exh1b ^ ted a stalled static pressure char- 
acteristic while all three stages of the higher aspect ratio compres- 
sor stalled uniformly but below their peak design level. 

INTRODUCTION 

Compressors for advanced aircraft turbofan engines must combine hlqh 
efficiency with adequate stability margin In a compact, light-weight 

Pratt & Whitney Aircraft experience (ref. 1) with single 
a J d ^Itlstage compressors suggests that low aspect ratio airfoils have 

i ff ten to *! 8et , tfie , s6 requirements by combining high loading cap- 
ability with previously developed low endwall loss technology, A test 

fh?hflL W f S K d i. e 4 Vlsed * 4 to deternn ‘ ne the benefits of low aspect ratio In 
J2nJi^ ub ri 1p rati ,° re f sta 9£ env1 >" o nment of an advanced multistage 
compressor. The aerodynamic configuration chosen for testing was based 
on the last three stages of the eight-stage, Advanced Multistage Axial 
Flow Compressor (AMAC) studied under a previous contract (ref. 2). A 
low Mach number three-stage rig was selected as the test vehicle. 

^P 01 ^ presents the results of both the 0.81 aspect ratio (3S1) 
compressor and the 1.22 aspect ratio (3S2) compressor tests. Details of 
the design of each of these compressors are presented In ref. 3 


APPARATUS 


AERODYNAMIC DESIGN 


Two three-stage compressors, designated 351 and 352, were designed to 
demonstrate Improved blading for the rear, stages of highly loaded, 
advanced core compressors. A schematic of the 3S1 and 352 compressors 
Is shown In Figure 1, The average aspect ratio of the 3S1 configuration 
was 0.81, the overall pressure ratio at design speed was 1.36, and the 
average diffusion factor (D Factor) was 0.529. The 3S2 configuration 
was similar to 3S1, but was designed for a fifty percent higher aspect 
ratio (1.22). The principal aerodynamic design parameters of the 3S1 
and 3S2 compressors are given In Table I. The design mean wheel speed, 
tip diameter, and flow capacity were established to be compatible with 
the limitations of an existing test facility. 

TABLE I 

PRINCIPAL AERODYNAMIC DESIGN PARAMETERS 


Inlet Corrected Flow; kg/sec 

( Ibm/sec) 

Corrected Mean Wheel Speed. 

50 percent Span; m/sec (ft/sec) 
Pressure Ratio 

Overall Adiabatic Efficiency, % 

Aspect Ratio, Average 

Solidity, Average 

Inlet Hub-Tip Ratio 

Exit Hub-Tip Ratio 

Work Coefficient -E-, Average 

Flow Coefficient - Cx/U, Average 

(50 percent Span) 

D Factor, Average* 

P/(Po-P), Average 
Tip Clearance, Average cm (in.) 
Reaction 

*D Factor Average * Sum of mass 
streamline analysis for the various b 
blade rows. 


3S1 


167 (547) 


3S2 

rasiM/y 

167 (54: ) 


1.357 


1.324 

8&, 30 


88.70 

0.81 


1.22 

1.10 


1.10 

0.915 


0.915 

0.915 


0.915 

0.702 


0.644 

0.440 


0.444 

0.529 


0.491 

0.497 


0.467 

0.033 (0.013) 

0.033 (0.013) 

0.517 


0.517 

average 

diffusion 

factors from 

lade rows 

divided by 

the number of 


The aerodynamic design (see ref. 3) was performed In three steps. 
First, the analytical design system was adjusted to ensure performance 
agreement with data from tests of three-stage compressors similar to 
the 3S1 configuration. Next a preliminary design based on a mean line 
approach provided a rough f I ov. path and average aerodynamic quantities. 
Finally a detailed full-span design, which uti'l.-ed a streamline calcu- 
lation procedure, was used to set blading geometry and finalize flow- 
path dimensions. Circular arc mean camber line airfoils with a 65 
series thickness distribution were chosen for all rows because of their 
excellent low Mach number performance characteristics. 
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MECHANICAL DESIGN 
Compressor Rig 

The basic mechanical design of the 3S1 and 3S2 compressor rigs (see 
r@f # 3) ponslstsd of sn assembly of Interlooklno alumlnutn rlnas whirh 
formed the compressor case, ana a set of afflU wheels w^lch Sire 
koyod to a central shaft and formod tho compressor huh Th« oct 

compressor assembly Is shown as Ehl top ! haT of the schematic 
gore 1 and 3b? as tho lower half. A rotating drum design consisting 
of a rotor assembly supported by bearings at the front and rear of the 
compressor was usod for tho innor portion of the 1 rla th© PAt*n** 

SL C <T st ,?‘l of a stack ot ' * lio^nw °rotor blade carrfe^and S 
wheels keyed to a central shaft threaded at both ends The stator P It 
sembly consisted of a stack of Interlocking stator vane ^carrier and 

Su&thJr'by tfe^dt 1n place by stael endplates claunp- 

All blading was cast using an aluminum alloy material, A356-T6 Bladlno 

or U v C «^ 4n toThe aC bffi M Ir hed by n,eail5 < of a bdlt * wh'ch secured the bi de 9 
or vane to the blade or vane carrier. Typical ^otor and ranH uuAcax 

stator assemblies are shown In Figures 2 aSd P 3. respectively? 

Test Facility 

Research P Center located at the Un,ted Technologies 

rcesearen center, consist* of the compressor drive svstem the mia* 

sylvan/ X^or'are^foca^ed ^Uhln^ VeVt°"ceT‘The operftln 6 

located* In T separate controT^oom! 0 ''’ aPd daU acqu1sli, °" « 

com P° ne U t s of the compressor drive system are a DC electric 

3 s P® ed ; ncrea a s1n9 9earbox ‘ An automatic speed control s 
utilized to maintain speed at a preset value. s 

Filtered ambient air is ducted Into the test cell and through a plenum 

compressor fnt et " iThrnn i an * d tem Pf rabure distributions at the 
compressor inlet. A throttle downstream of the compressor controls thp 

Zl containing th d compressor Thd flow 1 S P exhausted through a 

aucu containing a silencer to reduce noise levels hefnrp 

the atmosphere. The facility Is shown sch™at?oaMy1n Flg?Je 3 9 9 

The Computerized Precision Acquisition Sequencing System (C0MPASS1 is 

used for control, acquisition, and recording of ^the^erlLcTtal data 

rnMp]|^ n9 3 m1nic , om P uter for control of the data acquisition sequences* 

??7caHb??ti™ qU ri?f, Pa ?, amete n tha ‘ , ? clude identification InfLatloS 

The snta ii Q»I? Li!k M as , anal .° 9 a " d d 1 9 1 1 c f transducer data, 
me system is self calibrating via primary and secondary pressure and 

+0 lO^peVee^nf cap . able of . a Pressure measurement Accuracy of 

+0.10 percent of full sea e reading and a temoeraturp mpaciiy’omdrtf 
accuracy of +0.14OC (+0.25OF). y temperature measurement 
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INSTRUMENTATION. AND CALIBRATION 
Compr essor Performance Instrumentation 

RI9 Instrumentation was selected to obtain overall eomnnocRnr* rwnfnmi. 
mco, Wall static pressures were Incorporated to evafuatJ InKffil 
rotor as well as Individual stage characteristics relative to w«c<ni 

M «s /.n.aiKS 

Compressor airflow was calculated from measured totii and t d„u. 
seres n an axial plane c I ose to tta " Kuth exit* deft Sed n .Sf? 

s-* w wnr 

r^*ci^^5^,y, br f tlon 

flow was then corre ated with the flow calculated Vhi 8 , e 

strumentatlon used during teste and mldspan In- 

establish a flow coefficient which was “’applied to iff data^V^e - ^ 
in an accuracy within one percent of the true flow. * -suiting 

Compressor rotor speed was measured by means of a manned «*,*.,« a 

iJS a eter converted JJie P^se rate from the pickup Into rotor P soeed* in 
rpm. Accuracy was within 0.1 percent. p p mto rotor speed in 

Pressures from pole rakes In the Inlet and dlscharae and efa * 4 

tothf VppVl^ p“ssu P -;^u^ 

measurement system was 0.1 percent of full - sea I e reading . f th P 6 

All temperatures were measured by Chrome I -A I ume I Tvn* v 
Each thermocouple wire was Individually calibrated to « t TiUh P, ??< 
unique properties relative to the 1968 Internal oha I TemoeAturL ^rai^ 
The temperature measurement system Is accurate to +0.14°C P (+0.25Op). e# 

c™slsted r of nl both an f ive X, a n d 0 fouh^eY™6 r ht Sa? rad1al ral<es 

temperatures were s amp I ed at nlne iTdlal Tn%Vn«I hU V r e * sures and 
and temperature rakTsare shown 7 Typ if al , pressu ^ 

number, and type of performance instrumentation Ved d are given in^lble 
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TABLE II 


Instr, 

Plane 

Location 

Station 0 
(Flow Mea- 
suring 
Station 


PERFORMANCE instrumentation 

COMPRESSORS 3S1 AND 3S2 


Parameter 

Measured 


Type, Quantity and 
Radial Location 


Circumferential Position 
Angle - CW From 
TUC From Rear 


Po 0 miniature single 
kellhead probes 
located at midspan 


45 ( \ 9QO, ],3§0 1800 
2700, 3160, oo 



P 

8 outer wal 1 static 
taps 

15°, 600, 1060, 15Q0 
1950, 2400, 2850, 3300 


P 

8 Inner wall static 
taps 

150, 600, 1050 , 1500 
1950, 2400, 285°, 3300 

Station 1 

(Compressor 

Inlet) 

Po 

3-five element rakes, 
kellhead sensors at 5 , 
20, 50, 80 and 95$ 
span. 

3-four element rakes, 
Kellhead sensors at 
10, 30, 70, and 
90$ span. 

110°, 2300, 3500 
500, 1700, 2900 


1*0 

6 -five element rakes, 
T/C sensors at 5, 20, 
50, 80 and 95$ span. 
6 -four element rakes, 
T/C sensors at 10, 30, 
70, and 90$ span. 

35°, 95°, 155°, 215® 
2750, 3350 

5°, 650, 1250, 1850, 
2450, 3050 


p 

6 -outer wal 1 static 
taps 

20 ° , 800, 1400, 2000 
260°, 320® 



6 -inner wal 1 static 
taps 

20 °, 800, 1400, 200 ® 
2600, 3200 

Station 2 
(IGV-R1) 

p 

4-outer wal 1 static 
taps 

600, 15Q0, 2400, 3300 

Station 3 
(Rl-Sl) 

p 

4-outer wal 1 static 
taps 

600, 1500 , 240®, 3300 

Station 4 
(S1-R2) 

p 

4-outer wall static 
taps 

60°, 1500, 2400 , 3300 

Station 5 
(R2-S2) 

p 

4-outer wall static 
taps 

600, i5Q0, 240®, 33 QO 


fnstr. 

Plane 

,kgcat|on 

Station 6 
(S2-R3) 

Station 7 
(R3-S3) 

Station 8 

6f°S3) trem) 

Station 9 

(Compressor 

Exit) 


Sr fiaag,- 

P J$*« r wl I Static 


^ •* \ w Mrl l« ’ q ) 

"Sa'Ry 

‘*s&*avs , “- 

g0 °» 1506, 240'\ 3300 


J-outer waM static 


J-outer wan stat1c 


60», ISO®, 2400, 330 o 
60°, 1500, 2400 , 330 o 


Pn* 


To* 


HiH'aw- m!v*;x> «i.oo. 

span°* 50, 80 and 9 $* 182,1 » 243,4°, 304 00 

keffheaw fakes, 32 io .,* * • 
ffetihead sensors at ■ ’ f - ±56.30 

span 30 ’ 70 ’ and 90 * * ‘ fc ° y ' 9 °* 331.0° 

VC^ns'crTSt j^g* fj^. 107.70, 168 . 8 o 
SO. 80 and 95% span* 229,9 » 291.00, 352#2 $ 

™ sensors^t lo, k6S * 2 8 2 8 ?£ 79 -9°. 141.0°, 

SO. 70 and 90% span. 202,1 * 256 * 6 °» 317.70 

S-outer wall static 


\l A 1 ®! 73.20, l31 . 0O 
192.10, 249.90, 3n, 0 o 

6 -inner wall static i® i 0 

tapS fe 1 ?* 73.2°, 131.00, 

192.10, 249.90, 3H <0 o 


u< *ps 131 oo 

stator * ns 5 r ' u ™ent atl on was located 2 ‘ 10 ’ ?49-9 °> 3 il- 0 ° 

‘° r wake and vane gap. '° Cated 'Werentfal ly to access a dlschan 

^SLSafe ^instrumejTtatlon ^ 

r ^ . . 


SSS" 

urn ruD, and com- 


PROCEDURES 


TEST PROCEDURE 


The test program consisted of a shakedown run, the performance program, 
a program to measure running tip clearance, and a data validity check 
to identify possible performance deterdoratlon during the test program. 


Shakedown tests were conducted to substantiate the mechanical Integrity 
of the rig and to verify that the Instrumentation hookup and the data 
acquisition and reduction systems were functioning properly, 


The performance program consisted of obtaining six sets- of speed lines 
at each of three separate speeds: 85, 100, and 105 percent of design 
speed. This procedure ensured statistically accurate average speed- 
lines. In addition, surge points were obtained for each speed. 


Dynamic rotor tip clearances were calculated from measurements of the 
long blade clearances at 18, 85, 100, and 105 percent rotor speed* 
Measurements were recorded for each rotor-*t six circumferential loca- 
tions. 


The data validity program consisted of six sets of speedlines at 100 
percent of design speed to verify that overall compressor performance 
had not deteriorated during the test program. 


DATA REDUCTION TECHNIQUES 


Data reduction programs developed at Pratt & Whitney Aircraft were used 
to process the overall performance, stage performance, rotor perform- 
ance, and radial profiles for the two compressors. Raw data from the 
test stand were recorded in millivolts on magnetic tape for subsequent 
processing. Preliminary processing converted the millivolt data Into 
engineering units, applied wire calibrations to thermocouple readings, 
applied Mach number calibrations to pressure and temperature measure- 
ments, performed circumferential mass averaging, corrected the data to 
standard Inlet conditions, calculated overall performance, and punched 

CaruS * 


The punched cards produced by the data reduction program were used In 
two data«.ana lysis programs. The first program modified flow and per- 
formance measur orients by correcting for probe and Inlet losses. This 
program provided corrected perfontiance cards which were fed Into a per- 
formance plotting and averaging program. Overall performance for each 
compressor was based upon the arithmetic average of six repeat speed- 
llnes each at 85, 100, and 105 percent of design speed. Spanwlse pro- 
files for each compressor were taken from the speed line closest In 
performance to the average. The second data analysis program calculated 
stage and rotor static pressure characteristics. The flow of Informa- 
tion from test stand through analysis is shown in Figure 8. Details of 
the data correction and performance calculations are given in Appendix 
8 * 
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RESULTS AND DISCUSSION 

profiles a^TnVet^rilf ufschirnw' 1 '- stat . lc Pressure characteristics' 
K c Presented in th Is*^ ^sec^ton^ 1 S Thn te ™Perature and 

tBSt rtSUltS 4re “-P*- esTaVf,,^ 88 "' 

WERALL performance 

g» cren Performance nf asi C gagared wun ■« 

n*) 0 To a r ll h„ P t e h rf t°h':^t SS^™ 4 ' 0 a" d efficiency as functions of 
The characteristics shown for 1 " *a r f r essors are compared in Fiqure 9 
repeat speedlines. ° W " for each compressor are averages of sii 

eff f c ^ S i, cy 0 i hln ^ « ^S? ' conn oS?a t Ton * °h . ha d 3 one l^ent lower peak 
and a greater flow ranae and , on ’ but a greater peak pressure hJ 

surge margin. The lower asJect r.H f°' 1Sequence » a twelve percent hid er 

peak overall adiabatic fffic encJ of C T7 $S0r achl ' eved a design speld 

kg/sec (9.62 Ibm/sec) and a irSsLrt &} pe / c f nt at a f low of Tie 
t at 1 o coinoressm^ ^co P^ssure rat i»o of 1,346 tup i on 

efficiency of 87 .’o pw’cent at"a d fl J eS l 9 1i speed Peak 'overall' "adtabatlc 
a pressure ratio of 1 . 31 4 In °£ 4>3S k 9/*« (9.S8 Lsec) aM 
mar i zed in Table II, ^ s ™' 

b2t tte f ’decrease 0 ' was° t greaurfor° r the d ' ! | <:reaSed when speed "as increased 
Peak efficiency of 3S1 dronLS n J h ower aspect ratio compressor Thl 
a "d 105 percent of desff soeV P r^cT po1nts between 85 percL? 
percentage points when cuLt pted ‘, The 3S2 efficiency drop wk n oc 

K vtdHs -11 rr * 

ySUSf. S'SS’ »« 

percent speed. Surge margin of ?c£ l i nt speed and 27 •? percent at 106 
percent speed to V«£ peree^lp/eT 9 ‘ 04 ^ at t 

o” 41 er fn" > eS For t,e* a 3 S sr ed runn1 "3 clear- 

(0.017 in.) for the 3S2 configuration. 1 ^ co,n P ressor and 0.043 cm 

cy° versus ° pressure^ rati o*"^ f ? rel-sus corrected flow efficien 

are presenL ^tio versus coreecfed^S 

s ^ speed in Figures 10 thrnunu •■>7 !?’ 100. and 105 percent of 

f«- f r a ^ c r 9r “ and ^ deter i°orat ion* c 4l " - tfc 

percel^T ta ” « I « 

lte 351 ol ' the 3 S2 cVresJJr l0 " ° f ^''^""ance was noted for e T?her 
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TABU III 

OVERALL PERFORMANCE SUMMARY 


Inlet Corrected Flow, 

T *' 1 1 -* 

3S1 


3S2 

Test 

Design 

Test 

Design 

kg/ sec 
Ibm/sec 

4.28 

9.43 

4.30 

9.47 

4.35 

9.58 

4.30 

9.47 

Design Corrected Flow, % 

99.58 

100.0 

101.16 

100.0 

Corrected Flow Per Unit 
Inlet Annulus Area, 





kg/m;*-sec 

lbm/ft 2 -sec 

89.61 

18.35 

90.05 

18.43 

91.10 

18.65 

90.05 

18.43 

Pressure Ratio-at Peak 

1.346 

1.357 


Efficiency 

1.314 

1.324 

Surge Margin (Fran 
Peak Efficiency), % 

24.0 

15.0 

12.4 

15.0 

Adiabatic Efficiency, % 
Average Running Tip Clearance 

86.1 

88.3 

87.0 

88.7 

an 

in. 

0.0366 

0.0144 

0.033 

0.013 

0.0427 

0.0168 

0.033 

0.013 

Average Tip Clearance/ 

Average Span 

0.014 

0.0126 

0.0163 

0.0126 

Average Tip Clearance/ 

Average Chord 

0.0112 

0.0101 

0.0199 

0.0154 


STAGE STAT IC PRESSURE CHARACTER f ST r ns 
CajlEarlson Bet ween 3S1 and 3S2 Cqimressn™ 

versus flow coefficient curvet 
the two compressors. The second and ?M^H 9n / lLant - differences between 
produced about .10 per ^ 1*1'* stage ot i he 3S1 compressor 

speed than the corresponding staaes of tuf' r ^|n Ure coe fticient at design 
peak pressure ratio a£pear" 9 to be the sL ll S L C TT< s ? r - This 9 ™ater 
f the lower aspect ratio design. The first s VV nargin 

to surge and differs from the other ot3S1 P eaked prior 

Hve of the perforce MrrSlLW^.^Tn 
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for 85 1 ion 3 5n/in? r r, Chara( ; ter1st J cs are shown 1n Figure 28 through 33 
Hr*c nf Ih * ici^ ^ percent speed. The 100 percent speed characterise 

elltive lev 6 r°t t S, 4nd T h 8ta9es ’/ l9 r e 28 - *" ” fn shlpe n 

mmmmM iff 

ilif It pressure » lE 

and the^flrlt and^second roto^cliaMcteH sties 8 wUlPdesfgn^anl^the 

u safe s -V e tVa 9 t n ’t4 nd th^5 

th^n fl h an « St A ge P® r u formance at 85 and 105 percent speed. Figures 30 

trend$ * in th6 100 P»«5t speech resu , ts 

Canpessor 3S1 Char acteristics Compared With Design 

ST t / rd6eSsSl ' ^ I ues Cf ] n r F^gures 1 ^, fo aXdV at loT^d 5? 

Speed L res P ect ‘* ve ly* The first stage is ten percent 

cl if! to lltfn! f E!f 5 re J sure rise while the other two staged come 

r design goals, but at a lower flow coefficient 
L aL ift oF . characteristic relative to design but eventual attain- 

St ' H?-^nt C0 ^r p Ve;Tu^ et; , 1 nc r; e e as c e h a^" 

Compressor 3S2 Char acteristics Compared With Design 

compare? wl t HS 1 g? VaTues"?? fibres 1 29 , ll/andM atToo^aT aSd 

pressure 9 character1 sTfcfara*' X' Z ^ UUtSf,,^^ t jHS* the 
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amount relative to design In all three stages at all speeds. These data 
a so show that although premature surge occurred at all speeds tested 
till thr eo stages appear to havo surgod/sta I lod at about the same time* 


The weak first-stage characteristic, relative to the second and third 
stages, exhibited In the 3S1 test Is not present in this uniform 3S2 
result, but the peak pressure rise deficit in all three stages of the 
3S2 produced significantly less surge margin. 


SPANWISE PROFILES 


Comparison of 3S1 a nd 3S2 Spanwlse Profiles 

Spanwise profiles of pressure ratio, temperature ratio, and efficiency 
Indicate that an increased loading design at reduced aspect ratio flat- 
tens discharge radial pressure and temperature profiles and decreases 
endwall losses. Circumferential ly mass averaged discharge radial pro- 
files are shown for peak efficiency in Figure 34. The efficiency of 3 SI 
was improved in the endwalls, but the improvement was offset by a 
decrease in core-flow efficiency. Compared with 3S2, the 3S1 lower 
aspect ratio compressor showed an improvement of 2.4 percentage points 
in efficiency at the inner wall, a 0.4 percentage point improvanent at 
the outer wall, and a decline in efficiency of 4.0 percentage points at 
50 percent span. 8 K 


Discharge profiles for the 3S1 compressor were significantly flatter 
than those of the higher aspect ratio compressor. The efficiency pro- 
files of 3S2 was 11.5 percentage points greater at midspan than at the 
inner wall. In contrast, the efficiency of 3S1 varied by only five 
percentage points frail midspan to either wall. In temperature profile 
3S2 varied about twice as much as 3S1 over the same spanwise extant. In 
pressure, while the magnitude of the spanwise variation was similar, 
the shapes were different. The pressure profile of the lower aspect 
ratio compressor, 3S1, was flat between 20 and 80 percent span while 
the profile of the higher aspect ratio compressor, 3S2, was peaked in 
the center. 


At near surge, the exit profiles for both comp*\ >sors tended to flatten 
! U? 0W mo r e sil ! ,ilarit y than at peak efficiency, as shown in Figure 
35. These data indicate that 3S2 demonstrated less root temperature 
rise near surge than at peak efficiency. 

The flatter exit profiles for the 3S1 compressor at peak efficiency 
and for both compressors as they were throttled toward surge, indicate 
that secondary mixing was taking place. The increase of this effect 
with longer chord and increased loading corresponds to classical sec- 
ondary loss theories. The increased endwall efficiency with lower 
aspect ratio could be due to the transport of low momentum air to the 
depressed efficiency core. However, further testing is required to 
ascertain whether this core efficiency drop is an inherent efficiency 
penalty of low aspect ratio blading or a recoverable matching effect. 
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The 8 J 1 g ht wavlrjess of the spanwlse profiles In Figures 34 and 35 was 
caused by circumferential- variations In the pressure and t^jperature 
which were sampled by the 4 and 5 element probes used to form one com ' 
poslte spanwlse profile. Although previous testing been determined- that 
the Instrumentation used accurately measures average performance Its 

radfaT 4 S * * infl»tTon n . de< t °~ pr ° dUce p, S h solution TrSKEKf ISd 

iHiS- and tem Perature- profiles at peak efficiency and near 

surge for both compressors are compared In Figures 36 and 37, resoec- 

1nd J cate T° h s W/ 1cant deferences In Inlet conditions be- 
tween the two tests. Tabulations of additional spanwlse Inlet and exit 
pressure and temperature data for 3S1 and 3S2 compressor are nresentpH 
n Appendix «C“. These date are for performance points It 8S.Tw. a5d 

I ines at' each 's^d.' 9 represe,ltat1 ve of «■« *1* repeated speed 


SUMMARY OF RESULTS 

Two three stage compressors, representative of the rear staqes of 
advanced compressors, were tested to evaluate the effect of 9 blade 
KK C ki r .? tl0 2 n adynamic performance. The design aspect ratio of 

i L ad f and vanes was . °* 81 for the compressor designated 3S1 and was 
J;^c1pal resu C Us P . reSS ° r designated 3S2 ‘ The test P™*™* the following 

1. The 0.81 aspect ratio compressor demonstrated 12 percent hlaher 

surge margin but 0.9 percentage points lower efficiency than a i 22 
aspect ratio compressor of similar design. y a 

2. The lower aspect ratio compressor had higher efficiency In the end- 

2 tter s P anwise . exU pressure and temperature 
profiles than the higher aspect ratio compressor ♦ 

3. The lower aspect ratio compressor exceeded Its design surge margin 
goal by nine percentage points while the higher aspect ratio com- 
pressor was three percentage points low. This suggests that im*. 
Pr?y?l n eff ij ien . cy be attainable at the lower aspect ratio by 
utilizing the demonstrated excess surge margin to redesign for a 

5 ressure rat to. In addition, the observed poor match of the 
first stage could be Improved. 

4 * Ji.. 4 ^ ndary aL f ,0W a mi . 5 i ing r°cess, which transports low momentum 

fluid from the endwall region to the core flow regions and Is en- 

ip? n £? d Increased chord and loading, could be responsible for the 

flattening of the profiles of 3S1 and both the increased endwall 
efficiency and decreased midspan efficiency of 3S1 relative 

*° I 8 * Ths mec banism could also explain the profile flattening 

for both compressors as surge Is approached. g 
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Figure 2 Photograph of a Typical Rotor Assembl 
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Figure 3 Photograph of a Typical Stator Assembl 
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Figure 8 Data Analysis Flow Chart 
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APPENDIX A 

SYMBOLS AND ABBREVIATIONS 
Area, meters 2 (feet 2 ) 

Aerodynamic Set Point (rig speed and throttle setting) 
Chord, cm (In.) 

Diffusion factor 
for rotor: 

0 o l - v 3 4 . r3 Vq 3 - n V Q 2 
7*2 (r 2 + r 3 )a V *2 

for stator: 

0 . i . V4 + r J v n 3 ■ r 4 Vq 4 
V 3 (r 3 + r 4 ) a V 3 

Work Coefficient 

c „ U3 Vn 3 - U2 Vq 2 

1/2 U? 


Inlet Guide Vane 

Rotor Speed, revolutions per minute 

Static Pressure (absolute), N/m 2 (lbf/ft 2 ) « 

Total or Stagnation Pressure (absolute), N/m* (lbf/ft c ) 

Pressure Ratio _ , „ 4 

Static Pressure Rise, N/m 2 (lbf/ft 2 ) 

Radius, cm (In-) 

Blade spacing (circumferential), cm (In.) 

Temperature, K (°F) 

Temperature Ratio 

Total or Stagnation Temperature, K (°F) 

Rotor tangential velocity, m/sec (ft/sec) 

Air Velocity, m/sec (ft/sec) 

Weight Flow, kg/sec (lbm/sec) 

Specific Heat Ratio 

Total Pressure/Standard Day Total Pressure 
Total Temperature/Standard Day Total Temperature 


Efficiency 
Solidity, b/s 

Density, kg/m 3 (Ibm/ft 3 ) . 

Stage Static Pressure Rise Coefficient, (See App. B) 
Stage Flow Coefficient, (See App. B) 
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VONJONOt AUJ rOMO ON 


Subscripts 


APPENDIX A (Cont'd) 


ad 

an 

av 

cor 

m 

nom 


Adiabatic 

Annulus 

Average 

Corrected to Standard Day 

Midspan 

Nominal 

Axial Component 

Tangential Component 

Total or Stagnation condition 

Inlet Station 

First Rotor Inlet 

First Stator Inlet 

Second Rotor Inlet 

Second Stator Inlet 

Third Rotor Inlet 

Third Stator Inlet 

Exit Station 


Superscripts 


Relative to Rotor 
Mass Averaged 
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APPENDIX b 

DATA REDUCTION EQUATIONS 
DATA CORRECTION AND MASS AVERA0IN6 

test speed and NASA 

MX? PreSSUre 15 V 


(1) T 0 • K t 


R 


test 


. Inlet 
(mass av) 


cor, nom 
*cor, test 


(2) P 0 - K p 


where, 


o, test 

o. Inlet 
(mass av) 


cor, nom' 
*cor, test 


jjT 8 288.15K (518.69°R) 

Kp « 10.1325 X 104 N/m2 (2116. 


22 lbf/ft2) 


corrected to ambl ent ^evel^slSg t he 6 re f St 1 Sns hi pf aS ® " a11s were 


(3) P » K, 


o. Inlet 
(mass av) 


o, 1nlet(mass av) 


o, Inlet 
(mass a vj, 


cor, nom 


cor, test 


The compressor ^Inl et U ?ota1 ^pressure ^nTtaiMrat “ Uh respect t0 1.0. 
coatee test speed^deflned 
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L°I J? f£ tota ] P ressure and temperature measurements were 
adjusted so that the radial and circumferential mass averaoes of all 
readings are equal to the standard values? averages of all 


(4) 


(5) 


P 0 ° Kp + P 0 - p ( 


o " f o 1nlet -(mass av) 
r ° * K T + T 0 T 0 tnlet (mass av) 


The corrected test values for total temperature and total DrasBu^ 

£!Ih P °? r? kes at the ' ,nlet and exit stations were circumferentially 
and radially mass averaged to produce average values for calculation 
overall performance. A linear static pressure gradient betJeen l^e? 

Compressor Overall Performance Computations 
Pressure Ratio 

present ^?n*t h!» S l a ft fr* * ”£ ended J° reproduce conditions which would be 
present in the latter stages of a core compressor thp m/waii 

performance was presented from upstream of the first rotor (station 2 

of 1) to the exit station (station 9) . 1 The overall p^s^ro 

ratio based on the Inlet to the first rotor was calculated^ follows^-- 


09 


02 


09 


01 


^r*I6V x ^r.pole x ^r, strut 




where Ppg 
P02 
hi 

tY.igv 

^r»pole 


* exit station mass-averaged total pressure 

* first rotor inlet mass-averaged total pressure 
s Inlet station mass-averaged total pressure 

8 total Pressure ratio across the Inlet guide vane 

8 pressure ratio due to losses of Inlet 

station and flow station pole rakes 


p r,strut * total pressure ratio due to inlet strut losses 


5d 


i 


All the Inlet loss pressure ratios were calculated as functions of the 
Inlet dynamic pressure calculated as a function of flow by: 

For W cor i n kq/sec 



F or Wqqj-. 


1.68284? x 10' 3 + W cor 
In Ibm/sec 



P 


o 


P r,lGV 


1.682842 x 10" 3 + W CQr 


1.0 - 0.01534 



F 


r,pole 


1.0 


0.035095 



x (2.083418 x 10* 3 W CQr 

x (4.28655 x 10* 4 W CQr - 6 
P 


P 



- 1.455674 x 10‘ 3 ) 


.602824 x 10“ 4 ) 


F =10 

r, strut 1,u 


0.001455 


P o- P 


Temperature Ratio 

Since no work Is done ahead of the first rotor and heat loss through 
the cases is estimated to be negligible, the total temperature ratio is 
unchanged: 


T 09 T 09 

T 02 T 01 


Adiabatic Efficiency 

The adiabatic efficiency of the compressor was calculated by: 


T >ad 



<WV 


57 


* 


where y 


a 


the cowpressorf eClf1C heats at the average temperature of 


r naze 


(s tat 1 0^2) 0 "a? ) 1 thU tn'tt s ‘«- 

SsP* ssss 2 

ou,ix n a?r f ^ d :«■?" ^^srjs t’a"?®*- 

^cZir^ ~ wras s j« H 1 §=r 



-»aye rerrormance 


Roto^nw * wtic Pressures 

« ~~r ^!"«.rsi'r“r'» - «. « .« 

as|5*S"is*l 


lA ROTOR 1 = 


P 3- P 2 


•A ROTOR 2 


1/2 


<4 


5 


P 5 

o5 

1 j 


1/2 

^4 

4 


q 
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«A ROTOR 3 



1/2 


P 6 


u m6 


where P » static pressure, N/m2 (1bf/ft2) 

P ® fluid density, Kg/m 3 (lbra/ft 3 ) 

Um * mldspan rotor speed, m/sec (ft/sec) 

and subscripts for P, p , and U m correspond to station 
Figure 5. 

Similarly, the stage static pressure rise coefficients 


numbers in 
are: 


^ STAGE 1 


*p STAGE 2 


*p STAGE 3 


1/2 

*> 

%!' 

P 6 

- P 4 


1/2 


U m4 


9 


P 8 

" P 6 


1/2 

% 

%6 

g 


The flow coefficient used for both rotor and stage performance is the 
ratio of the axial velocity at the rotor Inlet station to the midspan 
rotor speed. r 


In order to calculate the fluid density values, the pressures 
sutor losses were assumed equal to the design J.lue^or e»4 


APPENDIX C 

TABULATION OF INLET AND EXIT SPANWISE TEST DATA 
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3S1 CONFIGURATION AT 05% DESIGN SPEED 
ASP OOP ,088 


ASP aa? 

WCQU * 

3.87003 kg/snc (8,6320 Ibrn/snc) 





% Span 

0 

10 

20 

30 

50 

70 

80 

90 

95 

Diam 









in 

ft 

0. 5001 
1.837? 

0.5620 

1.8463 

0.5679 

1.8633 

0.5732 

1.8006 

0. 5036 
1.9147 

0.6940 

1.9488 

0, 5992 
1.9658 

0.6044 

1.9830 

0.6070 

1.9919 

p o(lQlot) 

N/m? 

lbf/ft* 

, 100710 

2103.39 

101257 

2114.81 

101508 

2120.04 

101675 

2121.46 

101579 

2121.64 

101550 

2120.92 

101378 

2117.33 

100745 

2104.12 

100263 

2094.04 

T 0 (Inlot) 









K 

OR 

289.380 

520.879 

288.799 

519.834 

288.405 

519.125 

287.803 

518.04? 

287.824 

518.079 

287.528 

517.546 

288.128 

518.627 

280.599 

519.475 

288.966 

520.135 

P* (exit) 









h/ m i 

tof/ft* 

121630 

2540.30 

122022 

2548.50 

122390 

2556.19 

122554 

2559.61 

122708 

2562.03 

122590 

2560.35 

122407 
2556 . 53 

121965 

2547.30 

121750 

2542.81 

To (exit) 









K 

OR 

307.448 

553.402 

307,328 

553.186 

307.080 

552.739 

306.871 

552.363 

306.666 

561.995 

306.762 

552.167 

306.337 

552.303 

305.872 

552.366 

306.819 

552.270 

ASP 883 

WCOR “ 3.73667 kg/sec (8.2 

3S0 Ibm/sec) 





% Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

Dtam 









m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

P 0 (Inlet) 









N/m2 

Ibf/ft? 

100740 

2104.02 

101270 

2115.08 

101493 

2119.73 

101559 

2121.1] 

101568 

2121.30 

101535 

2120.62 

101368 

2117.13 

100749 

2104.20 

100365 

2096.17 

T 0 (Inlet) 









K 

OR 

289.355 

520.835 

288.812 

519.857 

288.365 

519.052 

287.806 

518.047 

287.818 

518.069 

287.538 

517.564 

288.135 

518.639 

288.610 

519.493 

289.009 

520.212 

V 

1bf/ft2 

123526 

2579.90 

123981 

2589.42 

124275 

2595.55 

124407 

2698.30 

124628 

2602.92 

124437 

2598.93 

124255 

2595.14 

124115 

2592.22 

123646 

2582.42 

To (exit) 









K 

OR 

308. 730 
555.710 

308.596 

555.458 

308.366 

555.055 

308.191 

554,739 

308.054 

554.493 

308.087 

554.552 

308.336 

655.000 

309.265 

554.873 

308.324 

554.978 
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3S1 CONFIGURATION AT 85X DESIGN SPEED (Cant'd) 


asp m 

WCOR " 

3,64677 kg/sec (0,0398 lbm/stc) 





% Span 

5 

10 

20 

30 

60 

70 

00 

90 

96 

01am 

m 

ft 

0,5601 

1.0377 

0.5620 

1.0463 

0.5679 

1.0633 

0.6732 

1.0006 

0.5036 

1.9147 

0.5940 

1.9400 

0.6992 

1.9668 

0.6044 

1.9030 

0.6070 

1.9916 

p o (iniot) 
N/m« „ 
Ibf/ft 2 

100774 

2104.71 

101268 

2115.04 

101484 

2119.54 

101 G40 
2120.71 

101553 

2121.00 

101520 

2120.31 

101393 

’<:?7,64 

100756 

2104.34 

100436 

2^97.66 

T e (Inlet) 
K 
OR 

289,395 

520.906 

288.833 

519,896 

288.365 

519.052 

287.799 

518.034 

287.815 
5;, 3. 033 

207.522 

517,536 

288. 108 
518.590 

288.631 

519.531 

289.028 

520.246 

Po (oxlt) 
N/m2 
1bf/ft2 

124646 

2603.29 

125085 

2612.47 

125391 

2618.86 

125482 

2620.77 

125709 

2625.51 

125528 

2621.72 

126370 

2513.43 

125331 

2517.61 

174752 

2505.52 

T 0 (exit) 
K 

OR 

309.574 

557.229 

309.373 

556.867 

309.212 

556.578 

308.937 

556.083 

303.964 

556.130 

308.949 

556.103 

309. 200 
556.735 

309.149 

566.463 

309.299 

556.734 


ASP 885 WCok ° 3.56159 kg/sec (7.3520 Ibm/sec) 


% Span 

5 

10 

20 

30 

50 

70 

80 

OO 

95 

01am 

m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9438 

0.6992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

Po dgiet) 
N/m 2 

Ibf/ftZ 

100788 

2105.02 

101261 

2114.90 

101475 

2119.36 

101534 

2120.59 

101642 

2120.76 

101514 

2120.17 

101371 

2117.18 

100821 

2105.70 

100467 

2098.30 

T 0 (Inlet) 
K 

OR 

289.396 
52 0. 908 

288.862 

519.948 

288.357 

519.038 

287.836 

518.100 

287.768 

517.979 

286.433 

515.575 

288.120 

518.611 

288.618 

519.508 

289.013 

520.219 

P 0 (exit) 
N/m 2 
1bf/ft 2 

125528 

2621.72 

125974 

2631.03 

126272 

2637.26 

126330 

2638.47 

126480 

2641.60 

126408 

2640.09 

126309 

2639.04 

126279 

2637.40 

125736 

2625.07 

T 0 (exit) 
K 
OR 

310.235 

558.419 

310.007 

558.008 

309.917 

557.846 

309.609 

557.291 

309.686 

557.430 

309.710 

557.473 

310.039 

558.056 

309.871 

557.764 

310.041 

558.070 


f9 
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3S1 CONFIGURATION AT 86* DESIGN SPEED (Cnnt'U) 


ASP 886 

WcQR * 3.41 700 kg/ftflc (7. 6360 Iton/sw:) 





% Span 

5 

10 

20 

30 

GO 

70 

00 

no 

98 

01am 

m 

ft 

0. 5601 
1.0377 

0.5628 

1.0463 

0.6679 

1.8033 

0.6732 

1.8806 

0.5036 

1.9147 

0,6940 

1.9400 

0.699? 

1.9650 

0.6044 

1.9030 

0.6070 

1.9915 

lbf/ft* 

100830 

7105.31 

101265 

2114.98 

101461 

2119.06 

101520 

2120.30 

101829 

2100.49 

101407 

2119.03 

101387 

2117.52 

100831 

2108.92 

100820 

2099.68 

To (Inlot) 
K 

OR 

389.453 

521.011 

208.873 

619.967 

268.367 

519.056 

207.707 

518.012 

287.786 

518.011 

287.505 

617.504 

288.111 

810.595 

208,652 

519.509 

209,076 

820.332 

P 0 (exit) 
N/m2 
Ibf/ft^ 

126627 

2644.68 

127095 

2654.45 

127290 

2658.53 

127411 

2661.04 

127383 

2660.47 

127580 

0664.58 

127420 

2661,24 

127401 

2660.85 

126939 

2651.19 

T 0 (exit) 
K 
OR 

311.232 

560.213 

310.937 

559.682 

310.946 

559.698 

310.646 

559.158 

310.747 

559.341 

310.816 

659.464 

311.105 

559.986 

310.945 

589.697 

311.116 

560.005 

ASP 387 

K'cor ° 3.22398 kg/sec (7.1077 lbm/see) 





% Span 

5 

10 

20 

30 

50 

70 

80 

no 

95 

Diam 

m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5902 

1.9658 

0.6044 

1.9830 

0.6070 

1.9015 

Po (Inlet) 

N/tnZ 

1bf/ft2 

100906 

2107.48 

101259 

2114.85 

101452 

2118.89 

101497 

2119.61 

101501) 

2120.00 

101463 

2119.11 

101377 

2117.32 

100907 

2107.50 

10062B 

2101.68 

T 0 (Inlet) 
K 
OR 

289.298 
520. 733 

288.719 

519.690 

288.285 

518.909 

287.783 

518.005 

287.763 

517.969 

287.603 

517.682 

288.180 

519.720 

288.737 

519.722 

289.153 

520.471 

Po (exit) 

N/m2 

lbf/ft2 

127333 

2659.42 

127677 

2666.60 

127883 

2670.90 

127996 

2673.27 

127980 

2672.94 

128097 

2675.37 

128044 

2674.27 

127868 

2670.60 

127636 

2665.75 

T 0 (exit) 
K 
OR 

311.690 

561.037 

311.499 

560.694 

311.660 

560.983 

311.435 

560.578 

311.614 

560.901 

311.646 

560.558 

311.902 

561.419 

311.725 

561.101 

311.800 

561.238 
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3S1 CONFIGURATION AT 85* DESIGN SPEED (Cont*4> 


ASP 888 

WCOR * 3 

.13898 kg/sec (6,9203 Ibm/sec) 





* Span 

5 

10 

20 

30 

60 

70 

80 

90 

95 

01am 










m 

ft 

0,5801 

1.8377 

0.5628 

1,8463 

0.5679 

1,8633 

0,5732 

1,8805 

0.5836 

1,9147 

0.5940 

1.9488 

0,5992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

w; 

iwvft* 

100921 

2107.78 

101277 

2115,22 

101443 

2118.70 

101485 

2119.58 

101497 

2119.82 

101406 

2119,18 

101366 

2117.09 

100921 

2107.79 

100663 

2102.19 

T 0 (Inlet) 










K 

OR 

289.349 288.761 
520.824 -419.765 

288.312 

518.958 

287.811 

518.056 

287.773 

617.987 

287.592 

517.661 

288,130 

518,629 

288.685 

519.628 

289.090 

520.357 

P° (exit) 










N/m* 

Ibf/ft* 

127643 

2665.90 

127908 

2671.43 

128173 

2676.96 

128192 

2677.35 

128207 

2677.67 

128309 

2679.80 

128271 

2615.26 

128091 

2679.01 

127881 

2670.87 

T 0 (exit) 

312.281 

562.101 









K 

OR 

312.120 

561.811 

312.239 

562.025 

312.029 

561.648 

312.227 

562.004 

312.226 

562.002 

312.495 

562.486 

312.340 

562.208 

312.447 

562.400 
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•tsi I'ONI KtllKAl ION AT UKX OFS tl?N SPFfH 
ASI* 


ASP » ||J 

W(H)K * 

4.697.’ kg /sec (111. 1362 Uwi/soc) 





% Span 

6 

10 

20 

30 

60 

70 

00 

«() 

96 

Plain 








m 

ft, 

*’o ( Iqlot) 
N/im‘ 

0.51101 

1.03/7 

0.8620 

1.0463 

0. 6679 
1.0633 

0.6732 
1 . 0008 

0. 6036 
1.9147 

0.5940 

1.9408 

0. 6992 
1 . 9(568 

0. 6044 
1.9030 

0.6070 

1.9916 

100422 

2097.37 

101103 

2113.27 

101679 

2121.64 

1 01 683 
2123.71 

101697 

2124.00 

101654 

2123,11 

101379 

2117.38 

100520 

2090.61 

40958 
2098 . 69 

T 0 (Inlet) 









K 

209.770 

521.596 

289.04/ 

520.281 

200.610 

619.314 

307.761 

617.949 

287.712 

617.077 

287.330 

517.190 

200.080 

510.500 

298.647 

519.660 

209.168 

520.4OO 

l\, (exit) 









N/m«- 

U)t7ft^‘ 

12 96/6 
2700.35 

130334 

2722.10 

130849 

2732.06 

131066 

2737.10 

131354 

2741.31 

131001 

2736.03 

130818 

2732.21 

t 303 14 
2721.68 

120049 

2716.16 

T 0 (exit ) 









K 

°K 

314.741 

566,620 

314. 663 
566.208 

314.217 

665.586 

313.923 

665,056 

313.643 

564.553 

313.790 

564.831 

313.954 

565.113 

314.043 

565.273 

313.986 

565.171 

ASP 8o4 

WCOK • 4 

.4611 kg /sec (9.83511 Ihm/soc) 





% Span 

5 

10 

20 

30 

50 

70 

90 

30 

OK 

Plain 








m 

ft 

0. 5601 
1.0377 

0.5o28 

1.8463 

0 , 5.179 

1.8633 

0. 6733 
1.8805 

0. 5836 
1.9147 

0. 5°40 
1.9498 

0.5992 
1 . 9658 

0.6044 

1.9830 

0.6070 

1.9915 

P 0 d!]1et) 









N/nt^ 

100469 

2090.36 

101206 

2113.75 

101566 

2121.27 

101668 

2123.39 

101680 
«- 1 23 . 65 

101622 

2122.43 

101403 

2117.85 

100537 

2090,78 

9991 K 
2086.80 

Tq (inlet) 









k 

°H 

289.911 

521.836 

289.187 

520.534 

288.513 

519.319 

287.737 

517.922 

287 . 622 
517.717 

287.270 

517.082 

238.055 

518.495 

288.716 

519.685 

317,055 

570.713 

\te u > 

1bf/ft2 

132328 
2763. 74 

132998 

2777.74 

133448 

2787.14 

133580 
2789. 90 

133060 

2795.74 

133671 

2791.80 

133340 

2784.08 

133205 

2783.93 

132520 

2767.01 

T 0 (exit) 









k 

°K 

31 tt . 54b 
569. 778 

316.204 
6o9. lo.' 

315.430 

660.1)03 

316.594 

568.04D 

316.446 

567.799 

318.621 

567.434 

315.880 
86 0. 580 

315.810 

668.454 

315.933 
560. 674 


<>(> 


asp m 
% Span 



P Kim 
it, 
ft 


p o Ofllet 
H/mi 
Ibf/ft? 


To (Inlet) 
»K 


Po (<’>jU) 
N/m<- 
lhf/ft** 

To (exit) 
K 

OR 


ASP 866 

% Span 

0 1 am 
in 
ft 

Pa (Inlet) 
N/in- 
Tbf/ft- 

To (Inlet) 
K 

Po (exit) 
N/m<- 
lbf/ft- 

To (exit) 

K 


.ISl CONFIGURATION AT 100* DESIGN SPEED (Co.tf.0 
WpOK - **36656 k tt /itoc (9.62666 l(Wsoc) 


b 

10 

30 

30 

50 

70 

no 

90 

95 

0. 5601 
1.0377 

0,5638 

1.0463 

0.6679 

1.8633 

0. 6732 
1.0805 

0.5836 

1.9147 

0.5940 

1.9400 

0. 5993 

1. °658 

0, 6044 
1.9030 

0.6070 

1.9915 

100601 

3099.01 

101216 

2113.95 

101556 

2131.06 

101660 

3133.23 

101667 

2133.38 

101611 

3123.20 

101399 

2117.79 

100531 

2099.65 

99904 

3088.33 

P09. 90S 
52 1.960 

289.198 

520.653 

288.515 

519.332 

307.710 

517.874 

287.615 

517.703 

287.222 

516.996 

208. 041 
518.469 

288. 764 
519.771 

317.166 

570.394 

133939 

3/97.19 

134576 
2810. 70 

136015 

2819.87 

135099 

2821.62 

135311 

2026.05 

135251 
2824. 79 

13490? 

2019.39 

134802 

2817.09 

134200 

3802.05 

317.68b 

571.838 

317.271 

571.083 

317.109 
570. 793 

316.632 

669.933 

316.650 

569.966 

316.710 

570.074 

3t7,147 

670.860 

316.975 

570.551 

317.211 

570.975 


w C0K * 4.;’8008 ky/soc (9.43603 Ibm/sec) 


5 

10 

20 

30 

50 

70 

80 

«0 

95 

0. 5601 
1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5733 

1.8805 

0.5836 

1.9147 

0. 5940 
1.9488 

0.5992 

1.9658 

0. 6044 
1.9830 

0.6070 

1.9915 

100541 

2099.85 

101230 

2114.25 

101540 
3120. 72 

101648 

2122.98 

101553 

2123.08 

101594 

2121.84 

101384 

2117.47 

100587 

2100.81 

100040 

2089.39 

289.975 

521.950 

289.179 

520.518 

288.516 

519.324 

287.690 

517.837 

287.627 

517,734 

287.216 

516.985 

288.063 

518.510 

288.761 

519.766 

289.406 

520.927 

135152 
2822. 72 

135152 

2835.95 

136194 

2844.49 

136292 

2846.54 

136370 

2848.17 

136449 

2849.81 

136258 

2845.82 

136057 

2841.63 

135529 

2830.59 

318. 605 
573.484 

318.097 

572.570 

320.839 

577.506 

317.494 

571.484 

317.626 

571.722 

317.668 

571.798 

318.105 

572.585 

317.898 

572.211 

318.186 

572.730 


3SI CONFIGURATION AT 100% DESIGN SPEED (Cont'd) 


ASP 867 

Wcor ■ 

4.14178 kg/sec (9.13111 Ibm/see) 





% Span 

& 

10 

20 

30 

50 

70 

80 

90 

96 

01am 









in 

ft 

0. 5601 
1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

W 11 

Ibf/ft* 

100598 

2101.04 

101226 

2114.16 

101S3S 

2120.67 

101621 

2122.41 

101630 

2122.60 

101576 

2121.47 

101391 

2117.61 

100614 

2101.37 

100141 

2091.49 

To (Inlet) 







. 



K 

OR 

Po (exit) 

290.033 

522.056 

289.261 

520.665 

288.491 

519.280 

287.698 

517.852 

287.590 

517.657 

287.206 

516.966 

288.023 

518.438 

288.804 

519.843 

289.436 
520. 98t 

N/m2 

Tbf/ft* 

136629 

2853.58 

137239 

2856.31 

137536 

2872.52 

137730 

2876.56 

137650 
2874.89 ' 

137931 

2880.76 

137695 

2875.84 

137504 

2871.85 

137071 

2862.31 

T 0 (exit) 









K 

°r 

319.783 

575.605 

319.258 

574.659 

319.350 

574.825 

318.798 

573.832 

318.911 

574.035 

318.941 

574.089 

319.330 

574.790 

319.115 

574.402 

319.371 

574.864 


ASP 868 

Wcor * 

3.95810 kg/sec (8.72617 lbm/sec) 





X Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

01am 









m 

ft 

Po (Inlet) 
N/m2 
lbf/ft2 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0. 5940 
1.9488 

0. 5992 
1.96E8 

0.6044 

1.9830 

0. 6070 
1.9915 

100626 

2102.63 

101237 

2114.38 

101518 

2120.25 

101599 

2121.95 

101606 

2122.10 

101552 

2120.97 

101364 

2117.05 

100695 

2103.07 

100227 

2093.30 

T 0 (Inlet) 









K 

°R 

P° (exit) 
N/m2 
lbf/ft2 

290.073 

522.127 

289.167 

520.496 

288.580 

519.440 

287.656 

517.777 

287.616 

517.705 

287.187 

516.933 

288.050 

518.485 

288.757 

519.777 

289.417 

520.947 

138002 

2882.24 

138441 

2891.42 

138741 

2897.68 

138884 

2900.67 

138836 

2899.67 

138965 

2902.35 

138910 

2901.22 

138592 

2894.56 

138354 

2889.59 

To (exit) 









K 

OR 

320.805 

577.444 

320.441 

576.790 

320.581 

577.042 

320.138 

576.243 

320.316 

576.665 

320.214 

576.381 

320.611 

577.096 

320.370 

576.661 

320.594 

577.065 
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3S1 CONFIGURATION AT 100% DESIGN SPEED (Cont'd) 


ASP at) 9 

Wcor - 

3.72177 kg/sec (8, 

-20S15 Ibm/nec) 





* Span 

s 

10 

20 

30 

50 

70 

80 

90 

95 

01am 









m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9916 

Ibf/ft^ 

100727 

2103.73 

101270 

2115.08 

101497 

2119.01 

101565 

2121.25 

101575 

2121.45 

101522 

2120.35 

101353 

2116.31 

100778 

2104.81 

100353 

2095.93 

Tq (inlet) 




' 





K 

°R 

290.104 

522.183 

289.217 

520.587 

288.518 

519.328 

287.717 

517.886 

237.592 

517.661 

287.189 

516.936 

283.021 

518.434 

288.74? 

519.731 

317.213 

570.979 

?o (exit) 









N/m? 

1bf/ft2 

138642 

2896.62 

139065 

2904.45 

139341 

2910.21 

139434 

2912.15 

139569 

2914.98 

139561 

2914.81 

139647 

2916.60 

139289 

2909.12 

139141 

2906.04 

T 0 (exit) 









K 

OR 

321.770 

579.181 

321.553 

578.791 

321.743 

579.132 

321.403 

578.521 

321.731 

579.112 

321.527 

578.744 

321.934 

579.477 

321.674 

579.008 

321.872 

579.365 

ASP 870 

Wcor a 3 

• 69742 kg/sec (7.93099 Ibm/sec) 





% Span 

6 

10 

20 

30 

50 

70 

80 

90 

95 

Diarn 









m 

ft 

0.5601 

1.8377 

0. 5628 
1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5°<*2 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

p o (inlet) 









N/m2 

lbf/ft2 

100776 
2104. 77 

101248 

2114.63 

101481 

2119.49 

101545 

2120.83 

101553 

2120.99 

101509 

2120.07 

101373 

2117.23 

100715 

2103.48 

100145 

2097.85 

T 0 (inlet) 









K 

°R 

290. 187 
522.333 

289.298 

520.732 

288.525 

519.341 

287.743 

517.933 

287.517 

517.526 

287.143 

516.853 

288.026 

518.443 

288.765 

519.772 

289.507 

521.109 

P 0 (exit) 










N/m? 

lbf/ft2 

138797 

2898.85 

134456 

2808.18 

139477 

2913.05 

139618 

2915.99 

139780 

2919.39 

139784 

2919.47 

139968 

2921.22 

139549 

2914.56 

139385 

2911.16 

T 0 (exit) 









K 

OR 

322.351 

580.227 

322.152 

579.869 

322.403 

580.321 

321.471 

578.644 

322.517 

580.526 

322.348 

580.222 

322.758 

580.960 

322.505 

580.504 

322.738 

530.923 



1 






(>') 


I 


3S1 CONFIGURATION AT 105% DESIGN SPEED 
ASP 872-870 


asp m 

WCOR « 

4.96708 kg/soc (10 

,9506 Ibm/nec) 





% Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

Plain 










m 

ft 

0.5601 

1.8377 

0.5628 

1,8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0. 6044 
1.9830 

0.6070 

1.9915 

1bf/ft2 

100237 
2093. 51 

101133 

2112.21 

101625 

2122.50 

101767 

2125.46 

101771 

2125.54 

101699 

2124.04 

101425 

2110.31 

100330 

2095.45 

99599 

2080.18 

To (inlet) 










K 

°R 

289.895 

521.807 

289.129 

520.429 

288.565 

519.412 

287.688 

517.834 

A 

287.704 

517,863 

287.242 

517.032 

208.052 

518.490 

288.688 

519.636 

289.249 

520.644 

•% (exit) 
N/m-’ 
Ibf/ft* 

128771 

2689.45 

129352 

2701.59 

130073 

2716.64 

130360 

2722.63 

130689 

2729.51 

130324 

2721.89 

130144 

2713.13 

129342 

2701.37 

129084 

2695.98 

T 0 (exit) 










K 

OR 

316.149 

567.265 

314.924 

566.859 

314.576 

566.228 

313.644 

564.556 

313.977 

565.155 

314.159 

565.483 

314.146 

565.458 

314.241 

565,629 

314.077 

565.335 

ASP 873 

Wcor « 4.82112 kg/sec (10.6288 Ibm/sec) 





% Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

Dfam 










m 

ft 

0. 5601 
1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0. 6044 
1.9830 

0.5070 

1.9915 

p o (iqiet) 










N/m 4 - 

lbf/ft2 

100315 

2095.13 

101167 

2112.92 

101610 

2122.18 

101 734 
2124.76 

101744 

2124.97 

101665 

2123.32 

101427 

2118.35 

100391 

2096.72 

99696 

2082.20 

T 0 (Inlet) 










K 

OR 

289 . 986 
521.970 

289.133 

520.434 

288.567 

519.417 

287.635 

517.740 

287.679 

517.818 

287.199 

516.953 

288.076 

518.533 

238.745 

510.736 

289.363 

520.849 

lbf/ft2 

133074 

2779.33 

133804 

2794.58 

134381 

2806.63 

134557 

2810.30 

134822 

2815.83 

134572 

2810.61 

134199 

2802.82 

133964 

2797.91 

133349 

2785.07 

To (exit) 










K 

OR 

317.703 

571.861 

317.444 

571.394 

317,007 

570.609 

315.742 

570.131 

316.431 

569.570 

316.637 

569.942 

316.353 

570.330 

316.941 

570.48° 

316.017 

570.447 


70 


ASP cl/4 
% Span 


Po Iglot 
N/m? 
Ibf/ftiJ 

Tq (inlot) 
K 

OR 

P 0 (exit) 
N/m2 
tbf/ftJ-’ 

T 0 (exit) 

K 

ok 


3S1 CONFIGURATION AT 105S. OFSIGN SPFFO (rent'd) 

WfOR » 4.68£A> kq/sec ( 10.3240 Ibm/soc) 

5 10 20 ‘’0 50 ?0 no 

HB MS HB H 8 tSS MS 

sa win, ss, 
&s as as as as as as 
ss Si gsa m bbs. a sa 

sfcffi as as as as as as 


°0 05 


0. GOA 4 0.6070 

1.O830 1.0915 

100440 807A0 

2047.77 2083.75 


208. 743 289.392 
PI 8. 733 520.001 


137040 136JO? 

2862.31 ?G44.44 


318.767 31 P. 010 
573.776 574.213 


ASP 375 


4.59037 kg/sec (10.1201 16m/ sec) 


% Span 

s 

10 

20 

30 

50 

70 

80 

40 

95 

01am 








m 

ft 

0.5601 

1.0377 

0.5623 

1.8463 

0.5679 

1.8633 

0. 5732 
1.3805 

0.5836 

1.9147 

0.5940 

1.9488 

0. 594? 
1.4658 

0.6044 

1.9830 

0.6070 

1.9915 

(inlet) 









N/m** 
Ibf/f t2 

100405 

2097.01 

101166 

2112.90 

101581 

2121.56 

101700 

2124.08 

101 703 
2124.13 

101631 

2122.62 

101423 

2118.27 

100458 

2048.13 

49880 

2086.05 

T 0 (Inlet) 









K 

°R 

200.052 

522.00s 

289.230 

520.610 

288.525 

519.341 

287.634 

517.737 

287.601 

517.677 

207.199 

516.954 

288.055 

518.513 

288.812 

519.856 

289.462 

521.028 

P 0 (exit) 









N/m*“ 

Ibf/ft 2 

137588 

2873.60 

138309 

2888.65 

138785 

2898.61 

138883 

2900.64 

139034 

2903.81 

13«>0967 

2905.11 

138756 
2897 . 99 

138520 

28«5.15 

137924 

2880.61 

T 0 (exit) 









K 

°R 

320.754 

577.353 

320.252 

576,449 

320.095 

576.166 

319.548 

575.181 

319.614 

575.300 

319.696 

575.449 

320.175 

576.311 

319.953 

575.911 

320.280 

576.500 


» 


3 SI CONFIGURATION AT 1Q5X DESIGN SPEED (Cont'd) 


ASP 87o WCOR " 4. 49309 kg/sec (9,9076 Ibm/soc) 


X Span 

5 

10 

20 

30 

50 

70 

80 

90 

96 

Diam 

m 

0.5801 

0.5628 

0.5679 

0.5732 

0.5836 

0.5940 

0.5992 

0.6044 

0.6070 

ft 

1.8377 

1.8463 

1.8633 

1.8805 

1.9147 

1.9408 

1.9658 

1.9830 

1.9915 

P 0 (Iglat) 

100452 

101183 

101553 

101676 

101675 

101627 

101434 

100533 

99928 

Ibf/ft 2 

2098.00 

2113.27 

2120.99 

2123.56 

2123.54 

2122.53 

2118.51 

2099. G8 

2087.06 

T 0 (Inlet) 

K 

290.065 

289. 265 

288.483 

287.663 

287.558 

287.199 

283.056 

288.041 

239.520 

OR 

522.113 

520.673 

519.266 

517.790 

517.600 

516.954 

518.496 

519.009 

521.132 

P 0 (exit) 
M/m*? 

138974 

139700 

140106 

140242 

140254 

140460 

140173 

140012 

130303 

lbf/ft 2 

2902.54 

2917.72 

2926.20 

2929.03 

2929.28 

2933.58 

2927.58 

2924.23 

2911.41 

T 0 (exit) 

K 

32 1, 856 

321.264 

321.254 

320.023 

320.789 

320.866 

321.298 

321.079 

321.385 


579.336 

578.270 

578.252 

576.037 

577.416 

577.555 

578.331 

577.937 

578.488 


ASP 877 Wcor « 4. 30*193 kg/sec (9.4908 Ibm/sec) 


% Span 

5 

10 

20 

30 

50 

70 

80 

90 

<>5 

Diam 

m 

ft 

0.5601 

1.3377 

0.5628 

1.8463 

0 5679 
1.8633 

0,5732 

1,8305 

0.5836 

1*9147 

0.5940 

1.9438 

0,5992 

1.9658 

0.6044 

1,9830 

0,6070 
1,991 5 

P 0 (inlet) 
N/m<- 
lbf/ft 2 

100544 

2099,92 

101197 

2113.56 

101546 

2120.85 

101647 

2122.95 

101658 

2123.18 

101590 

2121.76 

101402 

2117.84 

100585 

2100.78 

100040 

2089.40 

T 0 (inlet) 
K 
OR 

290.144 

522,255 

289.274 

520.689 

288.519 

519.330 

287,661 

517.785 

287.581 

517,642 

287.142 

516,851 

288.023 

518.438 

288.816 

519,865 

289.526 

521.143 

P 0 (exit) 
N/m 2 „ 
lbf/ft 2 

141073 

2946.39 

141688 

2959,23 

141965 

2965.01 

142193 

2969.78 

142085 

2967,53 

142393 

2973.96 

142136 

2968.59 

141987 

2°65.48 

141479 

2954.85 

T 0 (exit) 
K 

or 

323.393 

582.103 

322.816 

581.065 

323.007 

581.408 

322.409 

580.331 

322.634 

580.736 

322.561 

580,605 

323.024 

581.439 

W* 753 
580.950 

323.012 

581.417 
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i 


3S1 CONFIGURATION AT 105*/, DESIGN SPEED (Cont'rt) 


ASP 878 

WCOR * 

4.07446 kg/sec (0,0827 ibm/soc) 





X Span 

5 

10 

20 

30 

60 

70 

80 

90 

95 

01am 

m 

ft 

0.6601 

1.8377 

0.5628 

1.8463 

0.5679 

1.3633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 
1 . 9658 

0.6044 

1.1830 

0.6070 

1.4915 

Po (Iglet ) 

m i , 

Ibf/ft 2 

100510 

2101.08 

101222 

2114.08 

101512 

2120.13 

101610 

2122.17 

101620 

2122.38 

101 5«0 
2121.14 

101410 

2118.01 

100657 

2102.27 

100216 

20«3.06 

T 0 (Inlet) 
K 
OR 

290.192 

522.342 

289.276 

520.692 

288.486 

519.270 

287.662 

517.787 

287.536 

517.561 

237.126 

516.322 

288.077 

518.534 

289.82'' 

51«.988 

289.611 

521.295 

W 

1bf/ft 2 

142454 

2S75.22 

142927 

2985.10 

143271 

2992.30 

143359 

2994.13 

143450 

2996.04 

143507 

2997.23 

143607 
2 <-''7.2? 

'43180 

2910.39 

142918 

2984.79 

T 0 (exit) 
k 

OK 

324. 5o8 
584.218 

324.280 

583.699 

324.428 

583.965 

324.048 

593.231 

324.297 
583. 730 

324. lf>6 
583.494 

324.571 

584.224 

324.344 

583.814 

324.552 

684.139 

ASP 879 

w C0K a 3.89543 kg/ sec (8.5380 Ibm/sec) 





% Span 

5 

10 

20 

30 

50 

70 

30 

90 

95 

Diam 

ft 

0.5601 

1.8377 

0.5628 

1.3463 

0.5679 

1.3633 

0.5732 

1.8805 

0.5036 

1.9147 

0. 5940 
1.9433 

0.59"2 

1.2658 

0.6044 

1.9830 

0. 6070 

1. °915 

Po Onlet) 
H/nfi 
Ibf/ft* 

100659 

2102.31 

101234 

2114.32 

101512 

2120.14 

101536 

2121.53 

101602 

2122.01 

101549 

2120.91 

101373 

2117.23 

100716 

2103.50 

100264 

2094.06 

T 0 (Inlet) 
K 
OR 

290.333 

522.597 

289.422 

520.955 

288.507 

519.308 

287.688 

517.835 

287.451 

517.408 

287.059 

516.702 

288.051 

518.488 

288.345 
519. qo 

289.702 

521.459 

Po (exit) 
N/m 2 
Ibf/ft 2 

142795 

2932.36 

143267 

2992.21 

143585 

2998.85 

143643 

3001.10 

143893 

3005.28 

143918 

3005.80 

143947 

3006.42 

143654 

3000.30 

143384 

2194.65 

T 0 (exit) 
K 

n K 

325.393 

£85.711 

325.137 
585. 2 12 

325.373 

£85.667 

325.029 

525*01? 

325.364 

585.65! 

325.201 

SR4.357 

325.589 

586.055 

325.36? 

686.647 

325.5 PP 
W , 01 7 
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1 


♦vf- 


ASP 457 


3S2 COUFIGlIHATtON AT 36* DESIGN SPEED 
ASP 467-462 

W CQK * 3,7032 kq/sfic (8,3406 l6m/soc) 


% Span 

5 

10 

20 

30 

SO 

70 

00 

90 

95 

01am 










m 

ft 

0.5601 

1.8377 

0.8620 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0. 5940 
1.9408 

0.599? 

1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

Mi ?' 81 , 1 

Ibf/ft* 

100049 

2106.29 

101311 

2116.94 

101616 

2122.30 

101628 

2122.56 

101616 

2122.31 

101 548 
2120.88 

101084 

2111.20 

100680 

2102.95 

100081 

2090.24 

T 0 (Inlet) 










K 

°K 

289.109 

520.397 

238.011 

519.859 

288.098 

518.576 

287.309 

518.056 

237.725 

517.905 

287.833 

518.100 

298.147 

518.465 

288.841 

519.9)3 

288. <79 
570.162 

P o (e«1t) 










N/m 2 

1bf/ft 2 

120993 

2527.00 

121344 

2534.34 

121664 

2541.02 

121693 

2541.62 

121976 

2547.53 

121 734 
2642.48 

121390 

2535.30 

12112° 

2529.35 

120728 

2521.46 

T 0 (exit) 









K 

OR 

307.379 

553.283 

307.076 

552.736 

306.595 

551.871 

306.126 

551.026 

305.512 

549.921 

305.789 

550.420 

305.022 

550.839 

306.231 

551.215 

305.147 

551.065 

ASP 4b3 

WCOR 0 3.7144 kg/sec (8.1890 lbm/sec) 





% Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

Oiam 










m 

ft 

0.5601 

1.8377 

0. 5628 
1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9830 

0.6070 

1.9914 

P 0 (Inlet) 










N/m 2 

lbf/ft 2 

100858 

2106.48 

101275 

2115.19 

101605 

2122.07 

101614 

2122.27 

101505 

2122.07 

101556 

2121.05 

101103 

2111.60 

lOO'l. 3 
2103. 44 

10012b 

2091.19 

T 0 (Inlet) 










K 

OR 

289.108 

520.394 

288.864 

519.956 

283.046 

518.483 

207. 810 
518.074 

287.696 

517.853 

287.824 

518.034 

288.155 

518.679 

288.891 

520.003 

280.046 

520.282 

P 0 (exit) 










N/m 2 

lbf/ft 2 

122151 

2551.20 

122481 

2558.08 

122782 

2564.37 

122391 

2566.64 

1231C5 

2572.26 

122870 

2566.20 

l 22665 

2561 93 

122313 

2554.68 

122023 

2548.51 

T 0 (exit) 










K 

°r 

308.240 
55'!. 332 

307.955 

534.319 

307.454 

653.418 

306.958 

552.524 

306. 3fl? 
551,343 

105.69° 

552.058 

3C.i.3°8 

552.415 

307.. 'j 
053.074 

30/. 055 
552.717 




352 CONFIGURATION AT 86* DESIGN SPEED (Cont'd) 



ASP AM 

WCQH * 3 * 

6269 kg /see (7.9960 Ibm/soc) 





% Span 

G 

10 

20 

30 

GO 

70 

80 

90 

46 

01 «m 
m 
ft 

0. §601 
1.8377 

0. 5628 
1.8463 

0.6679 

1.0633 

0.6732 

1.8808 

0.5836 

1.9147 

0.6940 

1.9488 

0.C992 

1.9668 

0.6044 

1,9830 

0.6070 

1.991S 

P %KT’ 

U»f/ft2 

100882 

2106.97 

101318 

2116.08 

101598 

2121.86 

101603 

2122.04 

101 692 
2121.60 

101620 

2120.31 

101113 

2111.79 

100741 

2104.03 

100187 

2092.46 

T„ (Inlot) 
K 

OR 

289.122 

520.419 

288.823 

519.882 

288.069 

518.525 

287.788 

518.018 

287.718 

517.892 

287.819 

518.074 

288.160 

518.688 

288.887 

519.996 

289.046 

520.282 

p °* u ’ 

Ibf/ft 2 

123249 

2574.13 

123569 

2580.80 

123867 

2587.03 

124013 

2590.07 

124235 

2595.76 

124096 

2591.61 

123834 

2586.34 

123568 

2590.58 

123236 

2573.86 

T 0 (exit) 
K 
OR 

309.012 

556.222 

308.748 

555.747 

308.251 

554.351 

307.766 

553.978 

307.107 

552.792 

307.543 

553.578 

307.758 

533.964 

309.201 

554.762 

307.799 

554.038 

ASP 460 

WCOR 8 3 

.4958 kg/sec (7.7070 lbm/sec) 





% Snan 

5 

10 

20 

30 

50 

70 

80 

°0 

95 

01am 

m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9498 

0. 5992 

1. °658 

0.6044 

1.9830 

0.6070 

1.9915 

P 0 Onlet) 

N/m 2 

1bf/ft 2 

100926 

2107.90 

101277 

2115.23 

101583 

2121.61 

101592 

2121.80 

101578 

2121.51 

101531 

2120.54 

101072 

2110.95 

100806 

2105.38 

100228 

2043.31 

To (^let) 

K 

OR 

289.178 

520.521 

288.826 

519.887 

288.057 

518.502 

287.773 

517.991 

287.676 

517.816 

287.810 

518.058 

288.179 

518.722 

288.957 

520.123 

289.123 

520.422 

V 

Ibf/ft 2 

124664 

2603.68 

124949 

2609.63 

125257 

2616.07 

125360 

2618.21 

125659 

2624.46 

125542 

2622.01 

125338 

2617.76 

125068 

2612.11 

124803 

2606.57 

T 0 (exit) 
K 

OR 

310.116 

558.208 

309.873 

557.706 

309.431 

556.976 

308.859 

555.946 

303.296 

554.<t3? 

308.716 
565. 6S9 

309.024 

656.243 

308.982 

556.167 

309.235 
556. 62. 1 


75 


t M 




ASP 461 


JS2 CONFIGURATION AT 06* OFS1GN SpFfD (Cont'rt) 
Wcor " 3.4113 kg/sec (7,6207 Ibm/sm:) 


% Span 

8 

10 

20 

30 

SO 

70 

00 

90 

98 

Plain 










m 

ft 

0. 6601 
1.0377 

0.5620 

1.0463 

0.8679 

1.0633 

0.8732 

1.0006 

0.8036 

1.9147 

0,8940 

1.9430 

0.899? 

1.9688 

0,6044 

1.9030 

0.6070 

1.9916 

lbf/ft2 

100639 

8108.14 

101806 

2115.41 

101 S67 
2121.29 

101878 

2121,48 

101664 

2121.23 

101814 

2120.18 

101118 

2111.88 

100779 

2104.82 

100346 

2098.78 

To (InUt) 









K 

OR 

Po (exit) 
N/m2 
Ibf/f t2 

889.169 

S80.804 

288.886 

519.941 

288.049 

518.488 

287.00? 

818.043 

287.682 

517.827 

207,794 

518.029 

288.166 

51(1,699 

200.916 

520.040 

289.114 

820.406 

186177 

2614.39 

125471 

2620.54 

125764 

2626.64 

! 25858 
2628.62 

126057 

2632.77 

12588? 

2629.12 

125732 

2627.03 

125500 

2623,0? 

125337 

2617.73 

T(j (exit) 









K 

°R 

310.509 

558.917 

310.251 

568.452 

309.820 
557 . 67o 

309.306 

556.751 

308.860 

555.948 

309.295 

556.731 

309.509 

557.261 

309.807 

557.652 

309.797 

557.635 

ASP 462 

w C0R * 3 

.3900 kg/sec (7.4738 Ibm/sec) 





% Span 

5 

10 

20 

30 

50 

70 

80 

90 

98 

Plant 










m 

ft 

0. 5601 
1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9498 

0.5992 

1.9658 

0.6044 

1.9030 

0.6070 

1.9915 

Po (iQlet) 










N/m2 

Ibf/ft* 

100935 

2108.08 

101293 

2115.56 

101559 

2121.11 

101564 

2121.23 

101554 

2121.01 

101506 

2120.00 

101158 

2112.75 

100782 

2104.38 

100388 

20°6,66 

T 0 (inlet) 









K 

OR 

289.176 

520.517 

288.879 

519.982 

288.025 

518.445 

287.791 

518.024 

287.662 

517.792 

287.796 

518.033 

288.173 

518.712 

288. 907 
520.105 

289.144 

520.460 

v 

Ibf/ft? 

125244 

2615.78 

125551 

2622.21 

125832 

2028.08 

125937 

2630.27 

126093 

2633.52 

125906 

2629,61 

125824 

2627.90 

125643 
26 M2 

125394 

2618.9? 

T 0 (exit) 









K 

OR 

310.625 

559.125 

310.358 

558.644 

309.923 

557.861 

309.392 

556.905 

309.009 

556.217 

309.444 

5:7.000 

309.716 

557.489 

309.954 
557,91 7 

309.021 
*57, 858 


i 


ASP <195 
i Span 


3S2 CONFIGURATION AT 1QOX DPS ION SPEEP 
ASP IPS- SOP ... 

WcpR 8 4.8226 ka/aec (9,9707 lhm/iec)- 

& 10 20 in on 


VIS"" 1 

To ^ Inlot) 

°K 

\T> 

Ibf/ft* 

To (exit) 

K 

°R 


ASP 496 
* Span 


lbf/ft2 

To Onlet) 
or 

W 

Ibf/ft* 

o (exit) 

K 

°R 


ms as? stir, as as as 

& is.% sr n »» is*, 

« ass sts as as as 

WCOR • 4.4379 kg/s«c (9.7839 Ibm/sflc) 

5 10 2° 30 50 70 


286.037 

H3.467 


129377 

2702.11 


312.503 

562.509 


288.961 

520.129 


228938 

2692.95 


312.764 

562.975 


289.031 

520,261 


128560 

2685.04 


312.748 

562.947 


0.5601 

1.8377 


100630 

2101.71 


289.346 

520.822 

130450 

2724.53 


0.5628 

1.8463 


101269 

2115.05 


289,048 

520.286 


130923 

2734.43 


0,5679 

1.8633 

101734 

2124.76 


288.151 

518.672 


131355 

2743.43 


267.789 287.609 
618.020 517.697 

131500 131880 

2746.45 2754?38 


287.729 

517.913 


131610 

2748.75 


288.043 

518.478 

131204 

2740.26 


288.990 

520.182 


130737 

2730.51 


289.097 

520.375 

130349 

2722.42 


315.565 315.117 314.494 ill 790 no 
568.017 567.211 566.089 564 1 71 ? 563.* ?8 


313.437 

564.187 


313.799 

564.839 


314.096 

566.373 


314.108 

S65.39S 


35? CONFIGURATION AT 100X DESIGN SPEED (Cont'd) 
ASP 497 WCOK " 4,3400 ka/sBC (9,6076 Ibm/wc) 


% Span 

6 

10 

20 

30 

60 

70 

00 

90 

96 

Plain 

m 

ft 

0,6601 

1,8377 

0,6628 

1,8463 

0.S679 

1.0633 

0.8732 

1,0006 

0,8036 

1,9147 

0,6940 

1.9400 

0,9992 

1.96S0 

0.6044 

1.9030 

0.6070 

1.9916 

Po (Ifllet) 

N/m2 

Ibf/ft* 

100048 

2102,02 

101887 

2118,44 

101729 

2124.67 

101729 

2124.67 

101721 

2124,80 

191623 

£122,46 

100907 

2109.16 

100869 

2100.22 

99642 

2081.08 

T a (Inlet) 
K 

«R 

289.371 

S20.066 

288,999 

920.199 

288.162 

818.674 

087,760 

817.968 

287.619 

517.714 

287.721 

617,098 

288,069 

518.806 

289.007 

520.212 

289.127 

820.428 

NS UI 

tbf/f t*J 

131982 

2756.83 

132418 

2765.87 

132851 

2774.67 

133008 

2777,89 

133434 

2786.08 

133260 

2703,00 

132354 

2774.73 

132416 

2765.50 

132002 

2786.93 

T 0 (exit) 
K 

OR 

316.67B 

570.015 

316.284 

869,258 

315.632 

868.138 

314.074 

5b6,773 

314.082 

565.347 

314.618 
£6b « 307 

315,049 

567.088 

316.294 
567. 529 

318,342 

567.615 


ASP 498 

Wcor ■> - 

4,2127 kg/suc (9.2874 lbm/see) 





X Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

Oldffl 

ID 

ft 

0.5601 

1.8377 

0.5628 

1.3463 

0.5679 

1,6633 

0.5732 

1.8805 

0.5836 

1.9147 

0,5940 

1.9488 

0.599? 

1.9653 

0.6044 

1.9830 

0.6070 

1.9915 

Po (iglet) 
N/m 2 , 
lbf/ft2 

100692 

2103.00 

101246 

2114.58 

101690 

2123.86 

101710 

2124.26 

101698 

2124.01 

101620 

2122.39 

101019 

2109.84 

100563 

2100.42 

Q9756 

2003.46 

Tg (Inlet) 
K 
OR 

289.444 

520.999 

289.029 

520.253 

288.167 

518.701 

287.741 

517.934 

287.591 

517.653 

287.686 

517.835 

238.042 

518.476 

289.057 

520.303 

289.210 

520.578 

Po (exit) 
N/m 2 „ 
lbf/ft 2 

133816 

2794.82 

134171 

2802.24 

134651 

2812.25 

134716 

2813.62 

135117 

2822.00 

134854 

516.50 

134719 

2813.67 

134293 

2804.78 

134047 

2799.65 

T 0 (exit) 
K 

°r 

317.945 

572.301 

317.495 

571.491 

316.942 

570.495 

316.105 

568.989 

315.504 

567.907 

316.043 

568.878 

316.513 

569.724 

316.736 

570.125 

316.806 

570.250 


4 » 


78 


ASP 499 


352 CONFIGURATION AT 100* DESIGN SPEED (Cont'rt) 
Wco« " 4.0417 kg/#ec (8.9104 Ibm/sec) 


* Span 

5 

10 

20 

30 

60 

70 

80 

90 

95 

01am 

ID 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9330 

0.6070 

1.9915 

V’ 

tbf/ft* 

100715 

2103.48 

101264 

2114.95 

101643 

2122.86 

101664 

2123.30 

101654 

2123.09 

101571 

2121.36 

101144 

2112.45 

100587 

2100.82 

100012 

2088.80 

T 0 (Inlet) 
K 

OK 

289.451 

521.012 

289.028 

620.251 

288.122 

518.619 

287.747 

517.944 

287.577 

517.638 

287.701 

517.862 

288.045 

518.481 

289.058 

520.304 

289.242 

920.636 

\!8 H ’ 

lbf/ft* 

135076 

2821.14 

135516 

2830.32 

135860 

2837.51 

135941 

2839.21 

136062 

2841.72 

136089 

2842.30 

135934 

2839.06 

135566 

2831.38 

135265 

2825.09 

T 0 (exit) 
K 

OR 

316.963 

574.134 

318.561 

573.410 

317.953 

572.316 

317.338 

571.208 

317.002 

570.604 

317.563 

571.613 

317.832 

572.098 

318.131 

572.635 

318.061 

572.510 

ASP 500 

Wcor » 3 

.9869 kg/sec (8.7896 lbm/sec) 





* Span 

5 

10 

20 

30 

50 

70 

80 

90 

95 

01am 

m 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5992 

1.9658 

0.6044 

1.9830 

0.6071 

1.9915 

lof/ft* 

100716 

2103.51 

101275 

2115.19 

101620 

2122.38 

101635 

2122.71 

101630 

2122.60 

101576 

2121.47 

101203 

2113.69 

100655 

2102.23 

100068 

2089.98 

T 0 (Inlet) 
K 

OR 

289.426 

520.967 

289.075 

520.335 

288.101 

518.581 

287.734 

517.921 

287.583 

517.649 

287.701 

517.861 

288.055 

518.499 

289.037 

520.266 

289.258 

520.665 

P 0 (exit) 
N/m2 
1bf/ft2 

135169 
2823. 08 

135594 

2831.96 

135939 

2839.17 

135978 

2839.97 

136081 

2842.12 

136089 

2842.29 

135965 

2839.70 

135606 

2832.21 

135306 

2825.94 

T 0 (exit) 
K 
OR 

318.523 

573.342 

318.687 

573.637 

318.101 

572.582- 

317.522 

571.539 

317.252 

571.053 

317.832 

572.098 

318.023 

572.441 

318.377 

573.078 

318.263 

572.873 


ASP i»04 
% Span 


p o (igu>t) 
N/m<- 
Itif/ft 2 

To (Inlot) 
K 

°K 

(exit) 

N/m* 

1 1>l7 ft 2 

To (exit) 

K 

OR 


( ONPIGURATfOR AT 105^ OTSfON SP rr t) 
ASP &O4.509 

w C0K * 4,743b k\\/w (10.4678 Ihm/noc ) 


il 

10 

20 

30 

50 

70 

,80 

"0 

or, 

0. 5 liOl 
1.0377 

0. 5628 
1.8463 

0. 5479 
1.8633 

0.5732 

1.8806 

0. 5036 
1.9147 

0.6940 

1.9488 

0. 5992 
1.965R 

0,6044 

1.9830 

0.6070 

1.9915 

100184 

2098.66 

101247 

2114.59 

101 769 
2126.60 

101791 

2125.96 

101782 

2125.77 

101705 

2124.17 

101011 

2109.67 

100301 

2096.73 

99376 

2075.53 

289.328 
520. 786 

208.990 

620.178 

288.166 

618.696 

287.760 

617.963 

287.629 

617.728 

287.775 

517.991 

288.053 

618,491 

288.975 

520.161 

289.058 
620. 300 

131 "06 
275<i. 93 

132434 

2766.90 

13289" 

2776.67 

132972 

2777.20 

133383 

2736.78 

133168 

2781.08 

132563 

2770.53 

132224 

2761.67 

131762 
2 761. "2 

317.063 
570. 708 

316.660 

569.804 

315.887 

568.592 

J15.0«5 

567.167 

314.356 

565.837 

314,764 

666.671 

316.225 

567.400 

315.713 

468.278 

316.119 

567.210 

Wook * ‘*•666/ kg/sec (10.2642 Itmi/sec ) 





5 

10 

20 

30 

50 

70 

80 

"0 

08 

0.6601 

1.8377 

0. 5628 
1.3463 

0.5679 

1.8633 

0.5732 

1.0805 

0.5836 

1.9147 

0.5940 

1.9483 

0. 5992 
1.9453 

0.4044 

1.9830 

0. 4070 

1. "915 

100640 

2099.84 

101261 

2114.89 

101768 

2126.48 

101790 

2125.94 

101779 

2125.72 

101661 

2123.25 

101011 

2109.66 

100373 

2096.34 

00429 

2076^62 

289.292 
620. 725 

288.996 

520.193 

283.102 

518.533 

287.784 

518.012 

287.623 

517.721 

237.777 

517.998 

288.065 

518.517 

288.985 

520.173 

280.090 

520.362 


m. a a gg» m 

*•'«« S£ ftg fts Sfcg s® 


3S2 CONFIGURATION AT 105* OESTGN SPEED (Cont'd) 
ASP 500 WeoR * A, 5655 kfl/nnc (10,0554 Ibm/sac) 


ft Span 

5 

10 

20 

30 

50 

70 

00 

90 

rfS 

Oiam 

in 

ft 

0.5601 

1.8377 

0.5628 

1.8463 

0.5679 

1.8633 

0.5732 

1.8805 

0,5836 

1.9147 

0.5940 

1.0488 

0. 5992 
1.9658 

0.6044 

1.9830 

0.6070 

1.9915 

Pg (Inlet) 
N/m2 
lbf/ft<( 

100574 

2100.55 

101260 

2114.88 

101749 
2125, n 3 

101771 

2125.55 

101764 

2125.39 

101664 

2123.30 

10099? 

2109.28 

100407 

2097.05 

99511 

2078.34 

T 0 (inlet) 
k 
OR 

289.324 
520. 784 

288.979 

520.162 

288.099 

518.579 

287.762 

517.972 

287.613 

517.704 

287.782 

518.008 

288.084 

518.551 

208.997 

520.194 

289.114 

520.406 

P 0 (exit) 
N/m*- 
1bf/ft- 

135561 

2831.26 

135996 

2840.34 

136517 

2851.24 

136658 

2854.18 

137110 

2863.61 

136839 

2867.96 

136517 

2851.23 

135903 

2840.29 

1365«1 

2331.90 

T 0 (exit) 
K 
OH 

31 9. 509 
575.116 

319.026 

574.246 

31b. 411 
573.139 

317.583 

571.650 

316.852 

570.333 

3 17.377 
571.278 

317.946 

672.303 

318.327 

572.989 

317.363 

572.153 


ASP l>07 

WCOR • 4 

.3961 kg/sec (9.6917 lbm/sec) 





X Span 

b 

10 

20 

30 

50 

70 

80 

90 

95 

D i am 
m 
ft 

0. 5601 
1.8377 

0.5628 

1.8463 

0.5679 

1.3633 

0.5732 

1.8805 

0.5836 

1.9147 

0.5940 

1.9488 

0.5942 

1.9658 

0.6044 

1.9830 

0.6070 

1.9015 

P 0 (Inlet) 
N/ft|2 

Ibf/ftZ 

100520 

2101.51 

101260 

2114.88 

10172). 

2124.50 

101738 

2124.85 

101727 

2124.63 

101637 

2122.75 

101004 

2109.53 

’00520 
20°°. 41 

00 643 
2081 . 0° 

T 0 (inlet) 
K 

289.352 

520.333 

288.950 

520.110 

288.107 

518.593 

287.729 

517.912 

287.617 

517.710 

287.769 

517.Q85 

288.098 

518.558 

289.031 

520.265 

289.163 

528.403 

P 0 (exit) 
N/m^ 
1bf/ft2 

137891 

2879.93 

138321 

2888.90 

138827 

2899.48 

138906 

2901.13 

139173 

2906.81 

139062 

2904.39 

128863 

2900.22 

138449 

2891.57 

138183 

2886.03 

T 0 (exit) 
K 
OR 

321.229 

578.212 

320.684 

577.232 

320.107 

576.193 

319.241 

574.633 

318.923 

574.061 

319.402 

574.924 

319.856 

575.741 

320.285 

576.513 

319.746 

575.5*52 



asp m 
% span 


Of am 
m 
ft 

p o (inlot ) 
N/m- 
llif/ft* 


°K 


I’o foxlt) 
•i/m? 
lorVft*-' 

1 o (exit) 
K 

°R 


as;- configuration /u low mm SPEEn {Cnnt , (l) 


"COM " 

^,’o7n kg/noc (9,, 

4 MS Ihm/sec) 





5 

U) 

70 

30 

60 

70 

80 

90 

95 

0. belli 
1.8377 

0.66, '8 
1.0463 

0. 6679 
1.8633 

0, 6733 
1.3805 

0. 5836 
1.9147 

0.6940 

1.9488 

0.5992 

1.9658 

0.6044 
1 . 9830 

0.6070 

1.9915 

100662 
ill 02. .iH 

101736 
2 11*1, 36 

101688 

7173.81 

101704 

2124.15 

10169(1 

2123.98 

101611 

2122.21 

101114 

7111.82 

100477 

2098,62 

99846 

2085.34 

289. J(J8 
62 0.607 

289.069 

520.325 

283.061 

518.510 

787.737 

517.927 

287.583 

517.649 

287.725 

517.904 

288.073 

518.531 

289.073 

620.331 

289. 249 
520.648 

138779 

28«8.4> 

139747 
?. SOS. 25 

1396 1 9 
2‘U6.(I2 

139687 

7917.44 

139858 

7971.01 

139858 

2921.02 

139716 

2918.03 

139761 

2098.33 

138962 

2202.29 

371. J67 
679.523 

371.473 

6/8.651 

320.874 

677.574 

330. 185 
676.333 

319. 928 
575.870 

320.512 

576.922 

320. 736' 
577.324 

321.204 

578.329 

320.672 

677.209 


ASP d09 

% Span 

0 1 am 
in 
ft 


N/m2 

lbf/ft2 

T 0 ( inlet) 
K 

°R 

p o (exit) 
M/m^ 
Ibf/ft^ 

l*o (exit) 

K 

°K 


WCOK a 4.1564 kg/sec (1M633 Ibm'sec) 


5 

10 

20 

30 

50 

70 

80 

°0 

95 


0.5601 

1.33?/ 

0.6628 

1.8463 

0. 5679 
1.8633 

0. 6732 
1.3306 

0. 5836 
1.9147 

0.5940 

1.9488 

0.6902 

1.9668 

0.6044 

1.9830 

0.6070 

I.0015 


100680 

2102.76 

101248 

2114.61 

101649 

2123.00 

101658 

2123.13 

101655 

2123.13 

101607 

2122.12 

101189 

2113.38 

100559 

2100.22 

99958 

2087.68 


289.337 

520.806 

283.971 

520.147 

288.033 

518.460 

287.704 

517.867 

287.592 

517.666 

287.788 

518.018 

288.112 

518.601 

289.064 

520.315 

289.273 

520.691 

9 

138991 

2902.91 

139461 

2912.72 

139799 

2919.77 

139804 

2919.39 

139931 

2922.54 

139880 

2921.47 

139713 

2917.98 

139353 

2910.47 

139027 

2903.66 


322.156 

579.879 

321.768 

579.183 

321.194 

578.149 

320. 668 
577.203 

320.493 

576.898 

321.12<) 

578.032 

321.272 

578.20Q 

321.823 

570.332 

321.191 

678.143 



<s: 


I 


